. By spreading J along the chromosome (propagation) or on periodically switching its VSG coat, the trypanosome the opposing DNA strand after replication (inheritance). is able to evade the host immune system in chronic As such, JBP1 represents the first cofactor involved in infections. The VSG that is expressed and localized on J biosynthesis that has been identified. the surface of the cell is encoded by a gene transcribed
pathway, including TH activity. We describe a homolog the characteristic seven conserved motifs that are present in the large group of nucleotide triphosphate (NTP) of JBP1, JBP2, that contains a region homologous to the family of SWI2/SNF2-like chromatin-remodeling probinding proteins that include DNA helicases. Motif IV has the lowest similarity ( Figure 1B ). Helicase motifs I teins. We show that JBP2 expression in trypanosomes stimulates de novo site-specific synthesis of a basal and II are involved in ATP binding and hydrolysis, respectively. The function of the remaining motifs is unlevel of J along the chromosome, which can be further propagated and maintained by JBP1. JBP2 is developclear. Additional sequence elements that are highly conserved specifically among SWI2/SNF2 family members mentally regulated and interacts with nuclear chromatin, and mutations within the SWI2/SNF2 domain inhibit the are also shown and denoted IVb and Vb. The homology between JBP2 and SWI2/SNF2 also includes specific stimulation of J biosynthesis. Based on these studies we propose a model where chromatin remodeling by residues that have been implicated in ATP hydrolysis and SWI2/SNF2 function (Richmond and Peterson 1996, JBP2 represents the critical process for regulating J biosynthesis in bloodstream form trypanosome DNA. and references therein). We conclude that JBP2 represents a SWI2/SNF2-like protein that contains an N-terminal domain with homology to J binding protein 1 Results
(JBP1).

JBP2 Represents a SWI2/SNF-like Protein
During the search for additional J binding proteins, we JBP2 Is Developmentally Regulated and Localized to the Nucleus in T. brucei identified a JBP1 homolog in the T. brucei genome database (accession number Tb07.26A24.600). This 2.5 kb To examine the regulated expression of JBP2 we performed Northern blot analysis using RNA from blood-ORF corresponds to a theoretical protein of 120 kDa that contains an N terminus with homology to JBP1 stream and procyclic life stages. Using a large quantity of poly A ϩ RNA, we were able to detect the specific (34% identity, 47% similarity) including the putative Myb DNA binding motif (Cross et al., 1999) ( Figure 1A ). Beexpression of full-length JBP1 mRNA in bloodstream verses procyclic form trypanosomes, but unable to decause of the homology to JBP1, we refer to this protein as JBP2. The remaining C-terminal half of JBP2 has tect a signal corresponding to JBP2 mRNA in either life stage (data not shown). Therefore, as a more sensitive homology (24% identity, 45% similarity) to the SWI2/ SNF2 family of ATPase DNA helicase proteins involved approach, we performed reverse transcriptase-polymerase chain reaction (RT-PCR). The RT-PCR analysis in chromatin remodeling. A similar homolog also exists in the Leishmania major genome database (accession using a JBP1-specific primer indicated the presence of JBP1-specific transcripts in bloodstream form and number AL512295.2). As shown in Figure 1 , JBP2 contains a domain homologous to representatives of the significantly less in procyclic form corresponding to an approximate 10-fold downregulation of JBP1 mRNA SWI2/SNF2 subfamily of proteins from yeast, humans, Drosophila, and flowering plants. This region contains (Figure 2A) . However, analysis of the calmodulin control RT-PCR samples (10-18 PCR cycles) suggests that the lated compared to levels in the bloodstream form trypanosome. Phosphorimager quantitation indicates this level of steady-state JBP1 mRNA, even in the bloodstream form trypanosome, is low. Analysis of the JBP2 corresponds to approximately a 5-fold down regulation. The inability to express recombinant JBP2 has pre-RT-PCR titration reactions (Figure 2A) indicates that JBP2 expression at the steady-state RNA level is also cluded any attempt to examine the JBP2 protein levels. Therefore, we predict that JBP2 and JBP1 are bloodlow, perhaps even significantly lower than JBP1, in bloodstream form trypanosomes. This may explain the stream form-specific genes expressed at extremely low levels. difficulty detecting JBP2 mRNA by Northern blot analysis. Although there appears to be some level of mRNA To determine the cellular localization of JBP2, we expressed a GFP-fusion version ( Figure 2B ). As a positive expressed in procyclics, JBP2 is also clearly downregu-control we also expressed the JBP1-GFP fusion, since JBP2 contains several conserved residues that have been shown to be critical for SWI2/SNF2 function, in-JBP1 was initially identified in trypanosome nuclear extracts (Cross et al., 1999). As shown in Figure 2C type JBP2-GFP fusion proteins to similar levels ( Figure  3E ), but only the wild-type JBP2 protein leads to J synThere is no nuclear localization of GFP after expression of GFP lacking the JBP2-or JBP1-fused polypeptide thesis ( Figure 3F The ability of procyclic trypanosomes to synthesize J after incorporation of the intermediate HOMeUra in DNA, pressed in E. coli. To examine the affinity of JBP2 for J DNA using a similar in vitro gel-shift J-DNA binding suggests they contain glucosyltransferase activity but normally lack J due to the absence of thymine hydroxyassay, we attempted to produce recombinant protein without success. Therefore, we developed an in vivo lase activity. In order to directly address this, we tested whether JBP1 could maintain J synthesis when ex-J-DNA binding assay. As a positive control, we first examined JBP1 association with chromatin by detergent pressed in the procyclic cell. To do this we performed a pulse-chase experiment in which cells were grown lysis of procyclic trypanosomes expressing JBP1-GFP fusion protein, followed by cell fractionation. As shown in the presence of HOMedU for seven generations, washed, and allowed to continue growing in the absence in Figure We propose that JBP2 represents such a factor. JBP2 is a developmentally regulated gene that when ectopiBased on these studies, we proposed that JBP1 repre- ., bloodstream specific) . Therefore, the lack of base J in procyclic trypanosome DNA is primarily due to the lack of JBP2 and the inability of the thymine-hydroxylase to effectively access thymine residues in chromatin. Abbreviations: TH, thymine-hydroxylase; GT, glycosyltransferase; and Glc, glucose. 
